Abstract. We present a straightforward method for estimating surface circulation on an f plane from a set of irregularly spaced vertical density profiles. The first step is to express bottom density pn as the sum of a mean 
Introduction
The diagnosis of shelf circulation from density observations has a history stretching back at least 60 years (see Derant [1961] There are strong similarities between our approach and those of Helland-Hansen [1934] and Csanady [1979] .
To illustrate, consider a density section running across the shelf with water depth increasing monotonically with distance from shore. To estimate currents normal to the section using the Helland-Hansen approach the bottom geostrophic velocity is assumed zero and the rest of the flow field is estimated by integrating the thermal wind equation. Csanady [1979] extended this approach to allow for slow variations in density along the shelf. Such density variations will generally drive bottom geostrophic flow and Csanady showed that the associated sea level correction satisfies a parabolic partial differential equation which governs the "downstream diffusion" of the effect of the bottom density anomalies. Our approach allows for density and bathymetric variations both along and across the shelf. In the present notation 0 is a first guess for the baroclinic component of sea level based on the assumptions of constant bottom density along isobaths and zero bottom geostrophic flow. r/t is a correction term resulting from the relaxation of these assumptions.
The method is described in section 2 and applied to an idealized problem in section 3. It is used in section 4 to estimate the winter surface circulation on the ScotJan
Shelf from all density profiles collected over the last 70 years. Differences between observed and diagnosed near-surface currents are used to assess the importance of density gradients and to estimate the remotely forced component of flow. Results are summarized in section 5.
The Method
Under the hydrostatic approximation, pressure at depth z is given by p-gporl q-g pdz, 
rls Po a___ zpaz, 
Following Csanady [1979] we parameterize stress in terms of bottom geostrophic velocity: The open boundary conditions are fixed by specifying r• t. The coastal boundary condition is no normal transport. Assuming water depth tends to zero as the coast is approached, it follows from (15) that the alongshore wind stress must be increasingly balanced by the alongshore component of bottom stress. Equation fully developed. We therefore modified (19) to allow for a •r/4 rotation of bottom stress relative to the bottom geostrophic current [e.g., Pedlosky, 1979] . This leads to a slightly more complicated version of (21) which we will not reproduce here. 
Effect of Boundary Inflows (r/•) 44
The remotely forced component of sea level r/• is the solution of (21) 
